of intervention results in few physiological side effects and offers promising results for geriatric depression (Forsman, Nordmyr, & Wahlbeck, 2011) . In recent years, live animal visits and innovative technologies have been promoted as psychosocial interventions that can improve the well-being of older adults (Bemelmans, Gelderblom, Jonker, & de Witte, 2012) . Live animal visits have been associated with a decrease in depressive symptoms (Travers, Perkins, Rand, Bartlett, & Morton, 2013 ) and a reduction in loneliness (Banks, Willoughby, & Banks, 2008) . A meta-analysis examined the effect of animal assisted therapy (AAT) on the psychological and functional status of older adults and reported that AAT had a larger effect on depression (effect size = -0.34) than other psychiatric conditions, or behavioral disturbances (Virués-Ortega, PastorBarriuso, Castellote, Población, & de Pedro-Cuesta, 2012) . However, in spite of its benefits, AAT has limitations and in particular when used in long-term care (LTC) facilities. For example, live animals can cause residents to fall and can take staff away from the care of residents, and not all individuals will react positively to a live animal (Shibata & Wada, 2011) . As a result of these challenges, social robots have increasingly been considered as an alternative to AAT for older adults and as a means to facilitate social interaction and engagement (Bemelmans et al., 2012) .
A socially assistive robot is an artificial intelligence system designed to interact with humans by following social behaviors and rules attached to its role (Huber, Lammer, Weiss, & Vincze, 2014) . Social robots, particularly animal robots, have beneficial effects similar to those of live animals, and these robots can elicit the same degree of attachment as a live dog (Banks et al., 2008; Shibata, Wada, Saito, & Tanie, 2001) . Because social robots are likely to continue to be developed and used in the care of older adults, it is imperative that the evidence for the use of social robots in geriatric depression be examined.
Over the past decade, many types of social robots have been introduced into aged care settings and their effect on older adults has been explored (Bemelmans et al., 2012; Moyle, Arnautovska, Ownsworth, & Jones, 2017) . Prior to this, social robot research was predominantly technical-based, being undertaken by engineers, software developers, and robotics scientists, and mainly focused on the development of the robots rather than their impact in care. Thus, the uptake of these technologies in clinical practice has been limited. An implication of social robot research has been the resulting mismatch between technical developments and the perceived care need requirements in care facilities (Butter et al., 2008) . In addition, many of the studies in care settings have been conducted using nonrandomized controlled trials that were unable to elicit the effectiveness of social robots. Bemelmans et al. (2012) , in a systematic review that aimed to evaluate the effectiveness of social robot interventions in older adults, highlighted the limitations of social robot research and concluded that the number of studies was too limited to draw evidence-based conclusions. However, 2013 saw a shift in the methodological approaches and outcomes of social robot research following the publication of the first two randomized controlled trials (RCTs) using Paro (a baby harp seal robot) for people with dementia and older adults (Moyle et al., 2013; Robinson, Macdonald, Kerse, & Broadbent, 2013) . Both studies demonstrated that social robots can have beneficial effects on psychological well-being. An increasing number of studies have since examined the effects of social robots on mental well-being in older adults, but, to date, there have been no systematic reviews that evaluate the unique contribution of social robot interventions to mental well-being, particularly depression in older adults. For the successful application of social robots in aged care, the availability of a robot by itself is insufficient, since a social robot developed without the context of the intervention would merely be an entertaining appliance (Bemelmans et al., 2012) . Therefore, social robot interventions need to be defined and specified for the target populations, their conditions, such as depressed mood, and their environments. Furthermore, an expectation of their added value within practice must be clarified with rigorous methodological designs. The aim of this study was to systematically review the effect of social robot interventions on depression in older adults.
Methods
This review adheres to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) statement (Moher, Liberati, Tetzlaff, Altmass, & PRISMA Group, 2009 ) in identifying and selecting existing studies for reporting systematic reviews. The review protocol is registered on PROSPERO (CRD42017069501).
Inclusion and Search Strategy
To be included, studies had to include adults >55 years of age (this ensured we could include the first original RCT on social robotics and depression, capture younger adults in whom depression is more common [Fiske et al., 2009] , and include studies with youngonset dementia); include at least one type of social robot intervention; include at least one outcome measure of depression; be quantitative, with pre-and post-tests; and be published in English in peer-reviewed journals.
The search strategy aimed to identify published and full-text articles from January 2000 to April 2017. The start date of 2000 relates to when the first social robot was used as a substitute for a live animal in older adults with cognitive impairment (Kanamori, Suzuki, & Tanaka, 2002) . The search strategies were developed in consultation with a health librarian and employed three search methods. First, nine electronic databases (Cumulative Index to Nursing and Allied Health Literature [CINAHL] , MEDLINE, PsycINFO, PubMed, Web of Science, Scopus, Cochrane Library, Embase, and Proquest) were searched for eligible articles. Second, additional sources were retrieved through the selected articles' reference lists. Third, due to database-specific rules, CINAHL heading, key word, and MeSH terms were combined with the search strategy. The search terms used were older adults, social robot, and depression (see Table S1 for all terms used).
Study Selection, Quality of Appraisal, and Data Synthesis
The process for selecting articles was as follows: (a) search results were integrated using Endnote software; (b) duplicate and noneligible articles were removed based on the title and abstract by two reviewers (S-C.C. and C.J.); and (c) all potential full-text articles were retrieved and examined against the eligibility criteria, with two reviewers independently assessing their relevance using a scale of 0 = no relevance, 1 = unsure, and 2 = relevant. When consensus was not reached, a third reviewer (W.M.) was consulted and disagreement resolved through discussion. Assessment of eligible articles, data extraction, and data entry were conducted independently using a predetermined data extraction form. The accuracy of extracted data was cross-checked by all reviewers. Any incomplete information was sought by contacting the original authors of the included articles. Only two out of seven authors responded to our request for further information regarding methodological quality, raw data for analysis, blinding of treatment allocation, and using intention to treat (ITT).
Methodological quality was assessed using the Joanna Briggs Institute Meta-Analysis of Statistics Assessment and Review Instrument (JBI-MAStARI; Joanna Briggs Institute, 2011) . This instrument contains 10 questions specific to studies in the field of nursing and medicine. The three independent reviewers performed the methodological validity assessments, with studies requiring "yes" answers to 5 out of 10 items to be recognized as acceptable quality.
Due to the heterogeneity of the results, such as different methodological approaches, different measurements, findings, and a limited number of studies that included a depression outcome, it was not possible to conduct a meta-analysis of these outcomes. Therefore, this review presents a best-evidence synthesis to identify the key results and limitations in each study and attempts to disentangle the potential effects of social robots on depression.
Results

Study Selection
Figure 1 describes the PRISMA flow diagram used in the selection process. A total of 659 records were obtained by searching nine databases. After removal of duplicates, 399 articles were identified. Of these, 76 were assessed for eligibility, and 7 were included in this review: six RCTs (Jøranson, Pedersen, Rokstad, & Ihlebaek, 2015; Moyle et al., 2013; Petersen, Houston, Qin, Tague, & Studley, 2017; Robinson et al., 2013; Tanaka et al., 2012; Thodberg et al., 2016) and one comparison study (Broadbent et al., 2016) . In this review, the inter-rater agreement was deemed as moderate (κ = .70, p < .001) between the two reviewers.
Quality Appraisal
The reporting bias was considered appropriate and acceptable in seven studies that reached at least 5 points out of 10 on the JBI-MAStARI (Table 1) . The six RCTs presented adequate random sequence generation. Only two studies were blinded to treatment allocation (Jøranson et al., 2015; Moyle et al., 2013) and reported adequate allocation concealment (Moyle et al., 2013; Petersen et al., 2017) . Outcome assessment was blinded in two studies (Jøranson et al., 2015; Moyle et al., 2013) , and the remaining studies did not report, or there was insufficient information to determine, the risk for bias. The attrition rates and the ITT approaches in three studies were reported (Broadbent et al., 2016; Moyle et al., 2013; Robinson et al., 2013) . In all studies, outcomes were measured in standard and reliable ways, using appropriate statistical analysis.
Study Characteristics
The characteristics and details of the included studies are summarized in Table 1 . In total, seven studies were identified, conducted from 2012 to 2017, in LTC facilities (six of seven) or at home (one of seven), and in five countries: Australia (Moyle et al., 2013) , Denmark (Thodberg et al., 2016) , New Zealand (Broadbent et al., 2016; Robinson et al., 2013) , Norway (Jøranson et al., 2015) , and the United States (Petersen et al., 2017; Tanaka et al., 2012) .
Participants
The reviewed studies reported results from a total of 395 older adults. The smallest sample size was 18 participants (Moyle et al., 2013) and the largest was 124 (Thodberg et al., 2016) . The age range was stated in four studies (Broadbent et al., 2016; Jøranson et al., 2015; Robinson et al., 2013; Thodberg et al., 2016) , varying from 55 to 100 years. Four studies had more women than men (Broadbent et al., 2016; Jøranson et al., 2015; Petersen et al., 2017; Thodberg et al., 2016) , and one study only recruited healthy women (Tanaka et al., 2012) . The remaining two studies did not report gender characteristics (Moyle et al., 2013; Robinson et al., 2013) . Five studies (76%) contained people with dementia, and two recruited people from LTC facilities (Broadbent et al., 2016) or healthy women living alone (Tanaka et al., 2012) .
Interventions
Reported social robot types consisted of Paro (Jøranson et al., 2015; Moyle et al., 2013; Petersen et al., 2017; Robinson et al., 2013; Thodberg et al., 2016) , a communication robot (Tanaka et al., 2012) , and a healthmonitoring functions robot (Broadbent et al., 2016) . Two studies were conducted in one-on-one individualized interaction (Tanaka et al., 2012; Thodberg et al., 2016) ; one study placed robots in activity lounges to compare different responses to psychological effects (Broadbent et al., 2016) ; and four studies used a group intervention led by either a trained nurse or leader (Jøranson et al., 2015; Moyle et al., 2013; Petersen et al., 2017; Robinson et al., 2013) . Three studies showed significant results in alleviating depression, including two studies using a group intervention (Jøranson et al., 2015; Petersen et al., 2017) , and one study using an individual intervention (Thodberg et al., 2016) . Interventions used in the control condition were treatment-as-usual (TAU; Jøranson et al., 2015) ; a standard activity program (Petersen et al., 2017) ; alternative activities, such as bus trips or crafts (Robinson et al., 2013) ; reading activity (Moyle et al., 2013) ; a placebo human-like boy (Tanaka et al., 2012) ; a soft toy cat (Thodberg et al., 2016) ; and no treatment (Broadbent et al., 2016) . In all studies, the experimental condition included one type of social robot intervention, except in the study by Thodberg et al. (2016) , where a three-arm parallel design, using a live dog, Paro, and a toy cat, was employed. The intensity and dose of the social robot interventions varied greatly, with each session lasting from 10 min. to 60 min. In four studies, participants engaged in the social robot interventions twice per week (Jøranson et al., 2015; Moyle et al., 2013; Petersen et al., 2017; Robinson et al., 2013) , while two studies used a social robot for 24 hr (Broadbent et al., 2016; Tanaka et al., 2012) , and one provided a one-session intervention fortnightly (Thodberg et al., 2016) . The duration of the intervention period varied considerably from 5 weeks to 12 weeks.
Outcomes
The assessment of the primary outcome of depressive symptomatology was based on two instruments: the Cornell Scale for Depression in Dementia (Jøranson et al., 2015; Petersen et al., 2017) and the Geriatric Depression Scale-Short Form (GDS; Broadbent et al., 2016; Moyle et al., 2013; Robinson et al., 2013; Tanaka et al., 2012; Thodberg et al., 2016) .
The Effect of Social Robot Interventions on Depressive Symptoms
Three of the seven studies, which included 221 participants, presented promising outcomes for reducing depressive symptoms in older adults after the social robot interventions (see Table 1 ; Jøranson et al., 2015; Petersen et al., 2017; Thodberg et al., 2016) . Jøranson et al. (2015) examined the effect of a group activity with Paro on depression and agitation for people with dementia, finding statistically significant differences in depression from baseline to follow-up with an effect estimate of -3.9 (95% confidence interval 0.4-7.3; p = .028), but no significant differences from baseline to postintervention. Petersen et al. (2017) recruited older adults with dementia to receive a Paro intervention, and found a significant reduction in depressive symptoms compared to the control group (p = .001). Thodberg et al. (2016) randomly assigned participants to receive visitations from a person accompanied by either a dog, Paro, or a soft toy cat to compare the effect of the different visitations on the psychiatric well-being of older adults. While depressive symptoms decreased during the experimental period, the visit types failed to reach significance (F 2 , 82 = 0.85; p > .05) in the reduction of depression. Moyle et al. (2013) used a pilot RCT crossover design to compare the effects of a Paro intervention and reading activity on emotional states in people with dementia. In this study, the Paro intervention group had higher pleasure scores (Cohen's d = 0.7) compared to the control activity. There was also a positive change in depression scores with a small effect size (Cohen's d = 0.1), but this was not statistically significant. The remaining three studies reported no significant difference in reduction of depression in older adults after the intervention (Broadbent et al., 2016; Robinson et al., 2013; Tanaka et al., 2012) . However, two of these studies presented decreasing trends after the interventions (Broadbent et al., 2016; Robinson et al., 2013) . Robinson et al. (2013) examined the psychological effects of Paro in LTC facilities in comparison to a control group and found that, while depression scores slightly decreased in the Paro group but increased in the control group, there were no significant differences in depression over time. Broadbent et al. (2016) conducted a comparison study to investigate the benefits of multiple healthcare robots placed in LTC facilities. They placed robots in the residents' lounge and compared results with settings without robots and assessed the influence on depression among residents. The results revealed that depression scores decreased from baseline to follow-up, but did not reach statistical significance. Tanaka et al. (2012) examined the effects of a human-type robot on cognitive function and depression in healthy older women living alone, and found that such a robot increased communication but did not show significant changes in depression.
Discussion
To our knowledge, this is the first systematic review examining psychosocial interventions using social robots for depression in older adults. Our review uncovered the potential effects of a social robot intervention in depression, from which several conclusions can be drawn. First, six out of the seven studies yielded positive results, with three studies significantly decreasing depression symptoms, and another three studies showing a reduction trend in depression in older adults. Second, a group activity with the social robot demonstrated more beneficial effects than an individual activity for older adults. For example, there were four studies using group interventions that indicated promising improvements in a reduction of depression; two demonstrated significant results, and the other two showed trends towards a reduction. The reason for this positive group response might be an encouragement of social interaction between people in a group intervention. Third, it appears that social robots, particularly Paro, are an effective intervention for alleviating depressive symptoms when used frequently, such as twice a week. The cumulative evidence from these studies, however, is still limited given the small pool of studies and varying intervention strategies. There is a paucity of rigorous large-scale RCTs to guide social robot interventions targeting depression in older populations. In spite of the increasing quantity of new studies, the data extracted and analyzed in this review are not of sufficient strength to make definite recommendations on the clinical effectiveness of social robot interventions for older adults with depression. This finding is congruent with a prior review evaluating the effectiveness of social robots in older person care (Bemelmans et al., 2012) . Our review suggests that the use of a social robot may result in a reduction in the level of depression. However, further studies are needed before recommendations can be formulated to guide healthcare professionals who provide care to older adults through social robot interventions, and this review highlights a number of areas where research is needed.
The generalizability of these findings is limited for several reasons. First, the sample of reviewed studies ranged from 18 to 124 older adults living in LTC settings, and this population had various clinical conditions, such as different levels of depression and severity of dementia. Four of the studies' subjects had a lower than average depression score at baseline (Broadbent et al., 2016; Robinson et al., 2013; Tanaka et al., 2012; Thodberg et al., 2016) . This was particularly evident in the Tanaka et al. (2012) study, as they recruited healthy older women from the community and without cognitive impairment (the mean GDS score was low, 2.6 [SD = 2.9] at baseline and 2.1 [SD = 2.1] at postintervention in the experimental group). It has been previously indicated that healthier older adults experience less depression than those with more physical conditions (Fiske et al., 2009 ); thus, this may have limited the potential for change in the depression scores. Future studies need to recruit older adults with clinical depressive symptoms to investigate the effect of social robots in those populations. Furthermore, the use of a self-report and a nondementia-specific depression scale may not be appropriate for people with dementia. Five studies in this review used the GDS as an assessment instrument with populations that mainly consisted of people with dementia. However, in a previous study, the GDS was validated for people with mild dementia, but not for those with moderate to severe dementia due to their difficulty in comprehending the questions (Li et al., 2015) . Therefore, it is important to carefully consider outcome measures for the specific target population when assessing depression in future studies.
An important issue in these studies was the implementation of a control condition. Two of the reviewed studies implemented standard activity or TAU as the control group, and they produced significant results (Jøranson et al., 2015; Petersen et al., 2017) . TAU is also referred to as usual or routine care in a given setting and has become a generic control condition against which other treatments are compared. Kazdin (2015) asserted that TAU in controlled studies helps to address the key research question, as the new research intervention indeed surpasses in outcome effects what is ordinarily done in given care settings. Furthermore, two studies applied alternative activities rather than TAU, such as group reading (Moyle et al., 2013) and crafts (Robinson et al., 2013) , neither of which presented statistically significant effects on depression. These results need to be interpreted with caution given the interaction or attention of equivalence of the social intervention in two comparison conditions (i.e., intervention vs. alternative activities). Additionally, another two studies used placebo toys (Tanaka et al., 2012; Thodberg et al., 2016) , for which the results showed no significant differences between the intervention group and control group. The definition of placebo effects is that they result from factors other than the active ingredients in the substance itself (Kazdin, 2015) . These control treatments are similar to the use of a placebo in medical trials, which, given under the guise of treatment, can alter disorders or mitigate their negative impacts (e.g., by reducing the severity of impairment). Therefore, the belief of the patient in treatment, and perhaps belief in the therapist who administers treatment, appear to be related to the change (Finniss, Kaptchuk, Miller, & Benedetti, 2010) . In some cases, placebos and their methods of administration might strengthen their effects. As such, there may be a change of outcomes in depression after social robot interventions. In future research, the control group intervention should be carefully selected.
An ITT analysis was not always performed, as only those participants who attended all sessions were included in the analysis. An ITT analysis can be considered more appropriate for achieving a realistic view of the effectiveness of an intervention since nonadhering participants will always be present in practical clinical scenarios (Gupta, 2011) . These review results, therefore, need to be interpreted with caution.
Finally, the intervention protocols varied in each of the studies with regards to intervention duration and frequency, length of the study, and sample size of the group, and this prohibited data pooling for meta-analysis. Moreover, only three studies included a power analysis, which is insufficient to assess whether the sample size was large enough to detect the effects of the intervention, and sample sizes were relatively small, with four studies having fewer than 30 participants per group. Given the diverse nature of the interventions analyzed, it is difficult to isolate why this review failed to demonstrate strong evidence of improvements in depressive symptoms.
Limitations
One strength of this review is the comprehensive search and selection strategy, which is likely to have identified all relevant published studies. However, we did not include grey literature, such as conference proceedings, and this may have increased publication bias to some extent. Furthermore, articles in languages other than English were not considered, and it is possible that some relevant studies were not identified. Last, it was not possible to combine the results for meta-analysis. This may limit the scope of this review.
Conclusions
As was demonstrated in this review, social robot interventions have the potential to reduce depressive symptoms. The evidence obtained is helpful but cannot be considered strong enough to form a sufficient basis to formulate recommendations on the clinical effectiveness of social robot interventions on depression in older adults. Due to the diversity of interventions and low sample sizes, the evidence suggests the need for rigorous and powered studies that can allow meta-analysis.
